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This invention relates to the preparation of ?uorinated 
organic compounds by means of a process employing a 
combination of uranium hexa?uoride vapor and a solid 
inorganic ?uoride catalyst. 

Fluorinated organic compounds, generally, are pre 
pared either by indirect syntheses involving an inter 
change between a non-?uorine halosubstituted organic 
compound and an inorganic ?uoride or by direct tech 
niques such as the ?uorination of hydrocarbons or the in 
teraction of carbon and ?uorine. The ?uorination pro 
cedures as developed in the early art utilize cobalt ?uoride 
as the source of ?uorine atoms. In many instances, how 
ever, the reaction is of such vigor as to make the process 
difficult to control. Inorganic ?uorides which have been 
substituted for cobalt ?uoride include the silver, cerium 
and manganese ?uorides. Disclosed more recently in the 
art are processes for the preparation of ?uorocarbons 
from carbon and pyrolyzed ?uorine-containing com 
pounds including inorganic ?uorides. Especially suitable 
are ?uorides of the elements of Group VA and some of 
the elements of Group VIA of the Periodic Chart of the 
Elements, such as may be found in the Handbook of 
Chemistry and Physics, pages 448-9, 41st edition, 1959, as 
well as ‘binary ?uorides of elements selected from Groups 
IVB, VB, and VIB of the Periodic Chart of the Ele 
ments. Further details on these processes may be found 
in US. 2,709,190, issued May 24, 1955, to Farlow et al., 
and U.S. 2,852,574, issued September 16, 1958, to Deni 
son et al. Most of the aforesaid ?uorinatio-n processes 
either lack an economic method of preparation and/or 
recovery and regeneration of the ?uorinating agent, or 
do not provide su?icient control over the reaction. 

It is van object of the present invention to provide a 
process for the preparation of useful ?uorinated organic 
compounds. It is a further object to provide such a 
process which is economically ‘feasible. Another object 
is to provide a process wherein the spent ?uorinating agent 
can be recovered and regenerated economically. Still an 
other object is to provide a process yielding products 
which can be ‘further treated by a directly integrated opera 
tion to give additional, valuable, ?uorinated organic 
compounds. Other objects will become ‘apparent here 
inafter. 
The objects of the invention are achieved by means 

of a process which comprises contacting a mixture of the 
vapors of the material to be ?uorinated and uranium 
hexa?uoride with a solid inorganic ?uoride catalyst at 
70—600° C. Although uranium hexa?uoride has been 
recognized as a ?uorinating agent, its use has been cur 
tailed ‘because of the di?iculty in achieving adequate con 
trol in most processes in which it is employed. For ex 
ample, when it is contacted with paraf?n hydrocarbons, 
undesirable carbonaceous products are formed, whereas 
with some chlorinated hydrocarbons, the reaction is ex 
tremely slow, the hexa?uoride in chlorinated hydrocarbon 
forming a solution which is stable up to several weeks. 
It has been discovered in the present invention that 
uranium hexa?uoride can be used as an effective and con 
trollable ?uorinating agent when it is utilized in the form 
of its vapor in conjunction with a solid inorganic ?uoride 
catalyst. The necessity for including the latter as a 
catalyst is unexpected in View of the fact that most of 
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the common ?uorinating agents require the use of ‘a sec 
ond component only as a diluent to moderate the reaction. 
Further, in the present invention, the use of the second 
component as a catalyst for the ?uorination reaction is 
limited and specific to those inorganic ?uorides which 
are solid at the temperatures employed for the ?uorina 
tion. Especially suited are those solid ?uorides, of ele 
ments selected from the IA, ‘IIA, 111A, and the B groups 
of the Periodic Chart of the Elements, and in particular, 
the ?uorides of the above A groups of elements and the 
tetra-?uoride of uranium. Sodium, potassium, and cal 
cium ?uorides are preferred because of their ready avail 
ability. Although the mechanism by which the solid in 
organic ?uorides exert their catalytic in?uence is not 
known, it is believed that the eifective catalyst is the non 
reactive surface provided by the solid inorganic ?uoride. 
As a result, any surface which is non-reactive to both 
the ?uorinating agent and the organic material, before 
and after fluorination under the conditions of the reaction, 
may be used. The solid inorganic ?uorides'of the present 
invention, therefore, provide a useful example of this 
type of non-reactive solid surface. Because of the im 
portance of the surface of the solid inorganic ?uoride 
catalysts, it is preferably to employ ?nely divided ?uorides. 
Because of the tendency of intermediate reaction products 
to sinter during the ?uorination, however, some discretion 
must be used in the selection of particle size. For the 
?nely divided catalysts ?uidized bed techniques must be 
employed to preclude agglomeration of the catalyst par 
ti-cles. Where such techniques are not feasible, a balance 
between [optimum surface area and minimization of 
agglomeration tendencies may be reached by utilizing 
pellets of the inorganic ?uoride. Pellets having a diameter 
of 1/8—% inch have been found to be especially convenient 
in the present invention because of their ready availability 
and their ability to remain unagglomerated during the 
?uorination. 
The temperature of fiuorination in the present invention 

may vary from about 70° C. to 600° C. At low tem 
peratures, the reaction rates frequently are to slow for 
commercial feasibility so that in practice, the temperature 
is maintained in the range of 100—600° C. When prepar 
ing ?uorinated hydrocarbons containing two or more car 
bon atoms, chain scission becomes the predominant reac 
tion above 300° C. As a result, the maximum tempera 
ture should be limited to 300° C. when preparing this type 
of ?uorinated hydrocarbon if chain scission is to be 
avoided. 

Contact time for the reaction will be determined ‘by 
the other variables in the system as well as the nature 
of the material to be ?uorinated and the extent of ?uori 
nation desired in the product. Although times of a few 
seconds to a day are not unusual for laboratory-scale ex 
periments, commercial economics usually requires the 
contact time to be limited from a few seconds to thirty 
minutes, and especially from about thirty seconds to 
?ve minutes. 

The pressure employed for the reaction is critical only 
to the extent that it in?uences the physical state of the 
reactants. The material which is to be ?uorinated usually 
is vaporized, mixed with uranium hexa?uoride vapor and 
then passed through a bed of the hot, solid, inorganic 
?uoride catalyst. Because of economic feasibility, the 
process normally is carried out at about atmospheric pres 
sure, although subatmospheric or superatmospheric pres 
sures may be used as long as the other operating condi 
tions are met. 
The feed ratio of uranium hexa?uoride to the material 

being ?uorinated, likewise, is not unduly critical provided 
at least stoichiometric quantities of ?uorine atoms are 
available. For most ?uorinations, molar feed ratios of 
1/1 to 30/1 are satisfactory. It has been found, how 
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ever, that when certain, solid, inorganic ?uorides are 
used as catalysts, complexes thereof may be formed with 
the uranium hexa?uoride. Sodium ?uoride provides an 
example of. such a material. The quantity of ?uorinating 
agent necessary is more realistically measured in terms 
of the ratio of the amount of ?uorinating agent consumed 
to the amount of organic raw material fed, the actual 
ratio selected being dependent upon the extent of ?uori 
nation desired, conversion and yield. As an example may 
be cited the ?uorination of methane to tri?uoromethane. 
To achieve complete conversion of methane to ?uorinated 
products, it may be seen from the following table, all 
other conditions being maintained constant, that the ratio 
of uranium hexa?uoride consumed to methane fed must 
be about 3.0. 

FLUORINATION OF METHANE WITH URANIUM 
HEXAFLUORIDE 

Mole Percent Moles UFu 
Methane Consumed/Mole 

Conversion CH4 Fed 

0 0 
20 0. 3 
40 0. 8 
60 1. 2 
80 1. 9 
100 3. 0 

The ratio of uranium hexa?uoride consumed to methane 
fed, likewise, must be adjusted in order to achieve the 
maximum amount of tri?uoromethane relative to the 
?uorinated lay-products. As is evident from the following 
table, all other conditions being maintained constant, the 
optimum ratio is 1.9 to 3.0, the same ratio at which ex 
cellent conversion of methane is realized. 

FLUORINATION OF METHANE WITH URANIUM 
HEXAFLUORIDE 

Mole % CH4- Moles UFO Gon 
Free OHF; sumed/Mole 
in Product CH4 Fed, 

0.0 
0 0. 6 

20 1.3 
40 1. 9 
50 2. 0 
52 2. 2 
54 2. 5 
56 3. 0 
50 3. 6 
26 

It has been noted in the instant'?uorination of methane 
that the product contains in excess of 50 mole percent of 
the desirable tri?uoro derivative, whereas the correspond 
ing trichloro derivatives, prepared from methane by con 
ventional chlorination techniques, comprises only 40-45 
mole percent of the chlorinated product. It further has 
been observed that the ratio of desired tri?uoro deriva 
tive to by-product tetra?uoro derivative, under optimum 
conditions, is 3-4/1, Whereas the ratio of the correspond 
ing chloro compounds obtained by conventional chlori 
nation techniques is only 1.5/1. Based on the above 
a particularly preferred embodiment for the ?uorination 
of methane by means of the present invention is achieved 
by maintaining a ratio of moles uranium ‘hexa?uoride 
consumed to moles methane fed of 1.9-3.0, a ratio of 
uranium hexa?uoride to methane in the feed mixture of 
3/1 to 10/ 1, a methane conversion of 85-100 mole per 
cent, a reaction temperature of BOO-400° C. and a con 
tact time of 0.5-2.0 minutes. 
As another example of the usefulness of the present 

invention may be shown the ?uorination of methyl chlo 
ride to mixed chloro?uoro derivatives and especially to 
monochlorodi?uorornethane. In this case, the product 
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4 
contains a maximum of 67 mole percent of the di?uoro 
derivative at a 97-100% conversion of methyl chloride 
when the ratio of uranium hexa?uoride consumed to 
methyl chloride fed is about 1.80—2.0. Although the 
optimum, in terms of maximum quantity of monochloro 
di?uoromethane in the product at a high conversion of 
methyl chloride, is achieved at a ratio of moles uranium 
hexa?uoride consumed to moles methyl chloride fed of 
1.8—2.0, it has been discovered that the product so formed 
contains ?uorinated iby~products which are di?icult to 
separate from the di?uoro derivative. This difficulty is 
circumvented by operating at a ratio less than 1.8-2.0. 
At lower conversions of methyl chloride less ?uorinated 
by-products are formed and the di?uoro derivative is 
easily separated from the unconverted methyl chloride. 
For example, at a ratio of moles uranium hexa?uoride 
consumed to moles methyl chloride fed of 1.8-2.0 the 
product, after removal of unconverted methyl chloride, 
contains 67 mole percent monochlorodi?uoromet-hane, but 
in addition, ?ve ?uorinated lay-products. When the above 
ratio is reduced to 1.0, the methyl chloride conversion is 
70% and the product contains 46 mole percent of the 
di?uoro derivative but only two by-products, 53 mole 
percent monochloromono?uoromethane and 1 mole per 
cent difluoromethane. Further reduction of the above 
ratio to 0.75 provides a methyl chloride conversion of 56% 
and a product composition of 30 mole percent di?uoro 
derivative and 70‘ mole percent monochloromono?uoro 
methane, the latter of which may be recycled for further 
?uorination. Based on the above, a particularly preferred 
embodiment for the ?uorination of methyl chloride is 
realized by maintaining a ratio of moles uranium hexa 
?uoride consumed to moles methyl chloride fed of 0.75 
1.0, a ratio of uranium hexa?uoride to methyl chloride 
in the feed mixture of 3/1 to 10/ 1, a methyl chloride con 
version of 55—70 mole percent, a reaction temperature of 
85—150° C. and a contact time of 1.0—5.0 minutes. 
A Wide variety of organic compounds can be ?uorinated 

by the process of this invention. Those compounds most 
useful herein are the 1-12 carbon atom hydrocarbons and 
non-per?uorinated halohydrocarbons, and especially those 
compounds containing 14 carbon atoms. The preferred 
non-per?uorinated halohydrocarbons in both the 1-12 
and 1-4 carbon atom ranges are the chloro and chloro 
?uoro derivatives. Particularly preferred compounds 
which may be ?uorinated by means of this invention are 
methane, ethane, propane, methyl chloride and benzene. 
The process, likewise, has been found useful for the ?uori 
nation of inorganic compounds, for example, ammonia, 
as well as some oxygen-containing organic compounds. 
The by-product uranium tetra?uoride from the instant 

?uorination process conveniently may be reconverted to 
uranium hexa?uoride by conventional methods, such as 
by oxidation with oxygen as is described in US. Patents 
2,535,572, issued December 26, 1950, to Hainer, and 
2,910,344, issued October 27, 1959, to Davidson et al. 
The uranyl ?uoride which is formed along with the hexa 
?uoride in the oxidation step may be reconverted to 
uranium tetra?uoride, for example, by reduction to 
uranium dioxide followed by conversion to the tetra 
?uoride with hydro?uoric acid. The attractiveness of the 
instant ?uorination process is enhanced, therefore, not 
only by the regenerative aspect of the uranium cycle, but 
particularly because the regeneration step requires the use 
of the relatively inexpensive hydro?uoric acid instead of 
free ?uorine which must be used in most regenerative or 
preparative processes employing other ?uorinating agents. 
A still further feature of the present ?uorination process 

is that it conveniently may be integrated with a subsequent 
dehydro?uorination process by which valuable, polymeri 
zable, unsaturated, ?uorinated organic compounds may be 
synthesized. Hydrocarbons, especially those containing 
1-12 carbon atoms, ?rst may be ?uorinated so as to retain 
at least one reactive hydrogen atom, thence the dehydro 
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?uorinated to produce the unsaturated ?uorinated hydro 
carbon. For example, tetra?uoroet-hylene may be pre 
pared either from ethane, by ?uorination to penta?uoro 
ethane and subsequent dehydro?uorination, or from 
methane, by ?uorination to tri?uoromethane and subse 
quent dehydro?uorination and coupling, the dehydro?uor 
ination, like the ?uorination, supra, is catalyzed by a 
solid inorganic ?uoride. Unlike the catalysis described 
for the ?uorination reaction, however, only alkali metal 
?uorides may be employed, with the activity thereof in 
creasing with increasing atomic number of the alkali 
metal. In general, it has been observed that the tempera 
ture employed for the dehydro?uorination should be in 
excess of 600° C., with the maximum temperature usu 
ally being held below 1000° C. The range 650—800° C. 
is optimum. If desirable, the ?uorination-dehydro?uori 
nation reactions may be integrated by carrying out the 
process in a tubular reactor having the necessary tempera 
ture pro?le to effect both reactions. The solid inorganic 

; ?uoride catalyst employed therein may be an alkali metal 
?uoride throughout or an alkali metal ?uoride for the 
dehydro?uorination and a non-alkali metal ?uoride for 
the ?uorination. Preferably, to provide selectivity in the 
dehydro?uorination stage, a re?ning train is included be 
tween the ?uorination and dehydro?uorination zones. 
Parallel reactors may be utilized and operated alternately 
to achieve integration of the catalyst regeneration step 
and the ?uorination or ?uorination-dehydro?uorination 
steps. As a further feature of the integrated processes, 
the by-product hydro?uoric acid from the dehydro?uori 
nation stage may be recycled to the catalyst regeneration 
stage for converting the uranium dioxide to uranium 
tetra?uoride. 
The following examples are intended to demonstrate 

but not limit the usefulness of the invention as herein 
above disclosed. It should be noted that mole ratios of 
reactants in the examples refer to feed ratios. 

Example I 

In order to show the necessity for the inorganic ?uoride 
catalyst in the present uranium hexa?uoride ?uorination, 
methane is ?uorinated at 150° C. employing a uranium 
hexa?uoride to methane mole ratio of 4.7 and a contact 
time of ?ve minutes. Absent the contacting of the mixed 
vapors with an inorganic ?uoride, only 0.01 mole per 
cent methyl ?uoride is obtained from the gas collected 
exit the reactor, the remainder being unconverted 
methane. When the uranium lhexa?uoride-methane 
vapors are contacted with a sodium ?uoride catalyst, all 
other conditions being constant, the exit gas contains 44.2 
mole percent ?uorinated products. 

Example 11 

The reactor employed in the present ?uorination proc 
ess may be fabricated from any material which is inert 
to the reactants and products in the ?uorination reaction. 
Monel metal and stainless steel have been found most 
satisfactory in the present invention ‘because of their 
commercial availability. 
A mixture of UF6 and CH4 (-mole ratio UF6/CH4= 

9/1 by metering through rotameters) is passed continu 
ously through a Monel tube (1 inch OD. x 36 inches 
long) packed with 315 grams of NaF pellets and heated 
to 386° C. by means of a ‘split-tube electric furnace. 
Under operation at atmospheric pressure and a hold-up 
time of approximately two minutes, the e?luent gas is col 
lected in a stainless steel sample cylinder. Samples ‘are 
withdrawn from the sample cylinder through an ice 
cooled bed of NaF pellets which complexes with by 
product HF and unreacted U136. Conventional gas 
chromatographic and infrared analyse-s show that the 
product contains the following mole percent composi 
tion: 

CH4, 0%; CH3F, 2%; CH2F2, 23%; CHFg, 54%; CF4, 
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21%. If desired, the CH3F and CHZFZ may be recycled 
for further ?uorination. 

Example III 

A mixture of UF6 and CH4 (mole ratio UPS/CH4: 
4.7/ 1 by metering through rotameters) is introduced into 
a Monel reaction vessel packed with 282 vgrams of NaF 
pellets. After the metered reactants are introduced, the 
vessel is sealed and heated autogenously to 210° C. by 
means of electrical heating tape. After a hold-up time 
of 17.8 hours, the product is analyzed as above and con 
tains the following mole percent composition: CH4, 0%; 
CH3F, 0.2%; CHZFZ, 1.0%; CHFS, 1.0%; CF.,, 97.8%. 
Similar results are achieved by operation of the process 
at a higher temperature and a shorter contact time. 

Example IV 
Using the same apparatus as described in Example II, 

a mixture of UPS and CZHS (mole ratio UF6/C2H6= 
10/1) is passed continuously over KF pellets at 200° C. 
After a contact time of , ?ve minutes, the product is 
found to contain the following mole percent composition: 
CZHG, 10%‘; C2HF5, 50%; C2136, 5%; other hydro?uoro 
ethanes, 35%. The C2HF5 is dehydro?uorinated over 
an alkali metal ?uoride between 600-1000” C. to yield 
the polymeriza‘ble monomer tetra?uoroethylene. 

Example V. 

Using the same apparatus as described in 
a mixture of UFB and C3H8 

(mole ratio UF6/C3H8=20/ 1) 

‘Example II, 

is passed continuously over NaF pellets at 150° C. After . 
a contact time of ?ve minutes, the product is found to 
contain the following mole percent composition: C3H8, 
20%; CHF2CF2CF3, 45%; C3138, 10%‘; other hydro 
?uoropropanes, 20%; ?uoromethanes and ?uoroethanes, 
5%. The CHFgCFgCFg is dehydro?uorinated overan 
alkali metal ?uoride between 600—1000° C. to yield the 
polymerizable monomer hexa?uoropropylene. 

Example VI 

' Using the same type of apparatus as that described 
in Example III a mixture of UF6 and CH3Cl 

(mole ratio UF6/CH3Cl=8/ 1) 
is allowed to react autogenously for 25 minutes at 86° C. 
over a catalyst consisting of CaF2 containing 0.1 weight 
percent Cr2O3. The product is analyzed as above and 
contains the following mole percent composition: CHgCl, 
1.3%; CHZFCl, 11.8%; CHFQCI, 78.3%; CFaCl, 1.8%; 
.CH3F, 0.1%; CH2F2, 2.7%; CHF3, 4.0%. The CHI-T201 
is dehydrochlorinated and coupled, by heating to about 
700° C. without a catalyst, to yield tetra?uoroethylene. 

Example VII 

The mixture employed in Example VI is passed con 
tinuously over KP pellets at 273° C. using the same type 
of apparatus as that described in Example II. With’a 
reaction time of 2.2 minutes a product comparable to that 
formed in Example VII is obtained. 

Example VIII 

Usingsthe same apparatus as that employed in Example 
III, a mixture of UF6 and CF3CF=CF2 

(mole ratio Ulla/C3136: 1/ 1) 
is allowed to react autogeneously for ?fteen minutes at 
93° C. over a catalyst consisting of CaF2 containing 0.1 
weight percent CrzOa. The product is analyzed as above 
and contains the following mole percent composition: 
CF3CF=CF2, 87.8%; C3F8, 11.2% 

0.8%; unknown, 0.2%. This example illustrates the use 
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of the invention for the ?uorination of carbon-carbon 
unsaturation. 

Example IX 

Using the same apparatus as that described in Example 
111 a mixture of UFS and benzene (mole ratio UFG/ 
benzene : 15/1 is contacted with CaFz pellets autog 
enously at 350° C. for thirty minutes. Essentially all 
the benzene is converted to per?uorocyclohexane. 

I claim: 
1. The preparation ot ?uorinated organic compounds 

selected from the group consisting ‘of 1-—12 carbon atom 
hydrocarbons, chloro and chloro?uoro derivatives of 1-12 
carbon atom hydrocarbons by a process which comprises 
the steps of contacting a feed mixture of uranium hexa 
?uoride vapor and the vapor of said organic compound 
to ‘be ?uorinated with a solid inorganic ?uoride selected 
from the group consisting of sodium, potassium and 
calcium ?uorides at a temperature of 70—600° C., and 
thereafter collecting said ?uorinated organic compound. 

2. The process of claim 1 wherein the organic com 
pound to be ?uorinated is methane. 

3. The process ‘of claim 1 wherein the organic com 
pound to be ?uorinated is methyl chloride. 

4. The process of claim 1 wherein the organic com 
pound to be ?uorinated is ‘benzene. 

5. The process of claim 1 wherein the ratio of uranium 
hexa?uoride to organic compound in said feed mixture 
is 1/1 to 30/1 and wherein the mixture is contacted with 
the solid inorganic ?uoride at about atmospheric pres 
sure at 100-600” C. 

6. The process of claim 1 wherein said ?uoride is 
sodium ?uoride. 

7. The process of claim 1 wherein said ?uoride is po 
tassium ?uoride. 

8. The process of claim 1 wherein said ?uoride is 
calcium ?uoride. 

9. The preparation of tri?uoromethane by a process 
which comprises the steps of contacting at about atmos 
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pheric pressure a feed mixture comprising uranium hex-a 
?uoride vapor and methane vapor, at a molar ratio of 
uranium hexa?uoride to methane of 3/ 1 to 10/ 1, with a 
solid ?uoride of a metal selected from the group consist 
ing of sodium, potassium and calcium ?uorides for 0.5 
2.0 minutes at a temperature of 300‘- 400° C., and there 
after collecting said tri?uoromethane. 

10. The preparation of monochloromono?uorometh 
ane and monochlorodi?uoromethane by a process which 
comprises the steps of contacting at about atmospheric 
pressure a feed mixture comprising uranium hexa?uoride 
vapor and methyl chloride vapor, at a molar ratio of ura 
nium hexa?uoride to methyl chloride of 3/1 to 10/1, 
with a solid ?uoride selected from the group consisting 
of sodium, potassium and calcium ?uoride for 1.0-5.0 
minutes at a temperature of 85~150° C., and thereafter 
collecting said mono?uoro and di?uoromethanes. 
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